INTRODUCTION
Plants produce and accumulate various types of antimicrobial substances, which are specific to plants (prohibitins). They are also able to produce substances in response to the invasion by pathogenic bacteria (phytoalexins). They are mostly phenolic compounds and terpenoid compounds (linuma, 1998) .
Various studies on prohibitins and phytoalexins have been done with the aim of utilizing them as a forestry resource (Yasue, 1995) . Among them, hinokitiol has been spotlighted recently as a commercially profitable substance. Because hinokitiol has a strong antibacterial and antifungal activity against a broad spectrum of microorganisms, it has been used for various purposes such as an agent to prevent a plant disease, as a component of a preservative paint for wood, and as a preventive agent against dental caries (Okabe et al., 1990 (Deitch et al., 1987; Nishino et al. 1997) . Disposal of antimicrobial made from plant compounds will impose little environmental risk. Also, in medical institutions, as hospital-related infections and the care of aged patients with weakened immune function are becoming important issues, and the use of immunosuppression agents in organ transplant patients is increasing, there is a need for a novel approach to clinical control of pathogenic microbe activities. We expect that antimicrobial fibers made of plant components will be useful in this situation for fabricating patients' cloths, bed sheets, ward curtains and other items. Tannic acid is a tannin found in Chinese nutgall, Aleppo galls and other plant sources, and its chemical structure is still unclear. It is considered to be a mixture of ester compounds formed from glucose and galloyl gallic acid. Tannic acid is able to bind protein, metals and alkaloids, forming compounds with poor solubility. This characteristic makes tannic acid effective for convergence of skin, detoxication, and repair of facial burns, and it is now utilized as a drug (Ogata et al., 1986a) . However, there is no detailed report about the antibacterial ability of tannic acid.
Berberine is one of the alkaloids of the isoquinoline series. It has a quaternary ammonium structure (Ogata et al., 1986b) , and is utilized as a drug in hydrochloride or sulfate form (Ogata et al., 1986b (Ogata et al., , 1986c (Ogata et al., and 1986d . It is reported that the minimum inhibitory concentration of berberine sulfate is about 25-100ppm for pathogenic fungi and bacteria such as S . aureus, Vibrio cholera e, and Nisseria gonorrhoeae (Amin et al., 1969) . Berberine is currently utilized as an oral drug and an ingredient of tooth powder.
In this study, we prepared cotton cloths combined with tannic acid and berberine, respectively, and investigated their antimicrobial activities against Escherichia coli and Staphylococcus aureus.
MATERIALS AND METHODS

Materials
Tannic acid was purchased from Wako Pure Chemical Industries, Ltd. Berberine chloride was purchased from Sigma Chemical Co. Bleached cotton cloth used is one of the commercial goods sold in Japan. The agents for culture media were purchased from Difco Laboratories Ltd. sodium chloride were dissolved in 1l of distilled water, and 0.2 % (w/v) surface-active agents were added it only for washing.
RESULTS
AND DISCUSSION
Minimal inhibitory concentrations (MIC) Table 1 shows the minimal inhibitory concentrations (MIC) of tannic acid and berberine against E. coli and S. aureus. At a concentration of 0.02% both tannic acid and berberine were able to control the propagation of E. coli for 24 h. The MIC against S. aureus was 0.05% with tannic acid and 0.01% with berberine. The plate culture method at the culture medium of zero absorbance confirmed the presence of viable E. coli and S. aureus cells in the liquid culture medium containing tannic acid or berberine. In other wards, tannic acid and berberine acted as bacteriostatic agents against these bacteria even at the point of MIC.
S. aureus is a gram-positive bacterium, and E. coli is a gram-negative one. The difference is in the structure of the bacterial cell wall. The peptidoglycan layer of the cell wall of gram-positive bacterium is thick, while that of the gram-negative bacterium is thin, and gram-negative bacterium has an outer-membrane outside the peptidoglycan layer. Lipopolysaccharides are present as the outside layer of the duplex structure of this outer-membrane, and the surface is hydrophilic. This forms a permeability barrier for hydrophobic antimicrobial agents, and protects the cell from invasion (Neidhardt et al., 1990) .
It is conceivable that tannic acid, which acts powerfully on the gram-negative E. coli, has an interaction with hydrophilic outer-membrane and protein of the cell wall causing malfunction of the cell wall. On the other hand, berberine, which is hydrophobic and acts powerfully on the gram-positive S. aureus having a hydrophobic cell wall, is considered to get through the cell wall and disrupt either one or both of the functions of the cell wall and cytoplasm.
Characteristics
of the antimicrobial cloth The degrees of substitution of aminoethyl groups and carboxymethyl groups with respect to the hydroxyl groups of the cellulose in the cloths are 0.044 of the degree of substitution (DS) and 0.055 of DS, respectively. It is defined that when all of the three hydroxyl groups of a glucose unit, the structural unit of cellulose, are substituted, the DS is 3. The amount of tannic acid combined with the aminoethyl group and that of berberine combined with carboxymethyl group are 0.028 as DS and 0.017 as DS in terms of the degree of substitution, respectively.
Tannic acid combined with 63.6% of the aminoethyl groups, and the berberine combined with 30.9% of the carboxymethyl groups.
Results of the antibacterial activity test
In the results of the qualitative test, the clear halo was not confirmed in all samples. Discoloration (about 1.5cm in width) of culture medium by the leached tannic acid was observed around the aminoethylated cloth combined with tannic acid. Because, in the discolored range of color, there was a little colony count, it was estimated that the bacterial growth was inhibited by the leached tannic acid. That is to say, it was considered that the antibacterial ability of tannic acid-treated cloth appeared by both of antibacterial abilities of the fixed tannic acid on the treated cloth together with the leached-tannic acid.
In the results of the quantitative test, the changes in the viable cell count of E. coli on the antimicrobial cloths are shown in (A) of Fig. 1 . The pH changes of the antimicrobial cloths over the period of culture with E. coli are shown in (B) of Fig. 1 . Every antimicrobial cloth examined diminished the viable cell count of E. coli in less than 1 h. The aminoethylated cloth combined with tannic acid, the carboxymethylated cloth and the carboxymethylated cloth combined with berberine annihilated the bacteria in 1 h. When washings of the test specimens were cultured by the plateculture method no colony of viable E. coli was observed. However, in the case of the aminoethylated cloth, although the count of viable bacteria reached zero once in 1 h, the count began to increase 3 h later. That is, the aminoethylated cloth lost its antimicrobial activity as the culturing time increased. It may be due to the accumulation of the dead bacterial cells bound to the aminoethyl groups. The pH changes of the antimicrobial cloths suggest that the propagation of E. coli is favored in weakly alkaline media but is hindered in acidic media. In the case of S. aureus ( Fig. 1 C) , the propagation was suppressed by every antimicrobial cloth in a similar manner to the case of E. coil. However, the antibacterial activities of the cloths against S. aureus were slightly less than those against E. coli. Berberine showed a lower minimal inhibitory concentration (MIC) for S. aureus than for E. coli (Table 1) . However, this was not the case when berberine was bound to cloth, and S. aureus, unlike E. coli, was still able to propagate at a low pH ( Fig.1 C and D) .
It must be noted that tannic acid bound to an aminoethyl group showed a antimicrobial activity as high as that of free tannic acid, but berberine bound to a carboxymethyl group showed a less antimicrobial activity than expected from that of free berberine. It is considered that tannic acid is fixed on the cloth by ionic bonding between the carboxyl group of gallic acid which was isolated from the tannic acid and the aminoethyl group of the cloth, or by hydrogen bonding between the phenolic hydroxyl groups of tannic acid or the hydroxyl groups of glucose group of tannic acid and aminoethyl groups (see Fig. 2 A) . Because of the abundance of the phenolic hydroxyl groups, tannic acid bound to an aminoethyl group is considered to have some free phenolic hydroxyl groups to which the antibacterial activity is ascribed. In contrast, it is considered that the bonding between berberine and the cloth is an ionic bond between the quaternary ammonium ion of the berberine and the carboxyl group of the cloth (see Fig. 2 B) . If the antibiotic site of the berberine is a quaternary ammonium ion, berberine will not show the antibacterial activity when it is fixed and blocked. Thus it is considered that the berberine is liberated from the cloth when it comes across a bacterium, and then acts as the antibacterial agent. The test is valid when log B/A is greater than 2.0. When log B/C is greater than 1.6, the cloth can be said to have antibacterial ability. retained good antimicrobial activities against both bacteria. However, although the carboxymethylated cloth and the carboxymethylated cloth combined with berberine had high activities before cleaning, the activities were lost after ten cleaning cycles. The reason for this difference in durability remains to be examined.
Comparison
of the measuring method of microbial number with the results of the regularized test method for antimicrobial activity measurement
The relationship between results of antibacterial activity measurement according to the regularized test method and the measuring method of microbial number was shown in Fig. 5 . The antibacterial activation values of the clothes according to the regularized test method were shown in Table 3 . It was indicated that there is good correlation between the two antimicrobial tests using different culture medium. Therefore it is said that the results of antibacterial activity test in this study according to the measuring method of microbial number are general and reproducible.
Recently, antimicrobial abilities of clothes are evaluated mainly according to the regularized test method in addition to the measuring method of microbial number that is conventional method.
